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NATURAL RUBBER LOADED WITH LOCAL MATERIALS. 111. CREEP PROPERTIES 
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The creep properties (creep rate, creep modulus, creep con~pliance and tensile creep) of natural rubber loaded separately 
with local clay; limestone, silica-sand and charcoal have been examined as a function of filler loading. filler particle size. 
stress level and temperature. Results reveal that creep rate increases with illcreasing loading, stress level and temperature. 
The clay loaded composites show lower creep rate and energy to resist deformation than for composites loaded with 
limestone, silica sand and charcoal. Clay theretbre shows a clear advantage over limestone, silica-sand and charcoal in 
creep dcfosmation resistance when used as fillers in natural rubber. 

Ke-v luords: Creep properties, Local materials, Natural rubber composite, Filler loading: Stress level, 
Temperature. 

Introduction 

In many applications, materials are required to sustain 
steady loads for long periods of time. For example, in the 
blades of a turbine rotor, plastic mountings for parts of 
electrical devices, timber beams in the roof ofa  building. 
filaments in vacuum tubes, steel cables and concrete in a 
prestressed concrete beam and lead sheaths on telephone 
cables (Richards 196 1). Under such conditions the mate- 
rial may continue to deform until its usefulness is seri- 
ously impaired. Such time-dependent deformations may 
be almost imperceptible, but over the lifetime of a struc- 
ture they can grow large and even result in final fracture 
without any increase in load. If under any conditions, de- 
formation continues when the load is held constant. this 
additional deformation is known as creep. 

In our effort to characterize natural rubber loaded with 
local clay. limestone. charcoal and silica sand, we have 
determined the cure, nzecha~lical and electrical properties 
of natural n~bber  loaded with these local materials. Re- 
sults revealed that clay is the best of these materials for 
scorcli enhancement tensile strength reinforcement and 
electrical conductivity. 

In the present work, creep, an important engineering mate- 
rial property which measures the rate of deformation of a 
material has been determined for composites loaded with the 
local materials under esan~ination. The creep rate, tensile 
creep, creep modulus and creep co~npliancc of the loaded 
composites have been determined as a function offiller load- 
ing, filler particle size, stress level and temperature. 

* Author for correspondence 

Experimental 

Maferinls. Forty-one (41) conventional accelerator/sulphur 
compounds u.ere tested as inhcated in Tables 1 and 2. The 
natural rubber used was a Nigerian Standard Rubber Grade 
10 (NSR10) produced at the Michelin Plantations. Ararorni- 
Obu, Ondo Stale, Nigeria. Clay was collected frorn Afao-Ekiti, 
Ekiti State, Nigeria; Limestone was collected from Arimogija, 
Ondo State, Nigeria; silica sand was collected from Igbokodz, 
Ondo State; Nigeria. \~liilst \vood charcoal was purcliased at 
the Erekesan market, Akure; Ondo State, Nigeria. 

Mixing. Mixing was done in accordance with the procedure 
described by International Standard Organisation . The water 
cooled 6 laboralon two roll mill n.as carefully controlled 
and made to attain a mnumum temperahre of 70°C and maxi- 
mum speed of 24 rpm. 

Curing  as carried out as described by the British Standard 
Organisation . Moulding of dumbell test pieces for mechani- 
cal properties determination and the disk for resilience de- 
termination was done as described by the International Stan- 
dard Organisation and British equivalent. The tensile strength. 
modulus and elongation at break were determined using 
Instron Universal testing machine. model 4301 in accordance 
with International Standard Organisation. 

Miner01 aulalysis. Mineral analysis for clay, limestone. silica 
sand and charcoal samples were carried out making use of 
colorimetric method for alumina. silica sulphur and AAS for 
the rest major elements. Calorific method was used for car- 
bon determination (Table 3). 

Creep rneast!renient. Milling compounding and curing of 
composites were done as described in BSO 197 1. The dunlbell 
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Creep Properties o f  the Natural Rubber 

Table 1 
Formulation of composites examined 

- -. -- -- - - - - -- -- -- -- 
Composites Parts per hundred rubber 

- ( P P ~ )  
. -- - - .... - 

Natural rubber 100 
Zinc oside 5 
Stearic acid 3 

MBT(a) 1 
Sulphur 3 

-- Filler Variable 
. - - - - -- 

(a) Mercaptobenzothiazole 

shaped samples were tested for creep using a tensiometer. 
The test piece nas  hung to the upper part of the lower end of 
the test piece whilst the scale plan bearing the load was hung 
to the hook. A costant load of 10kn1-' was then put in the 
scale pan and the extension produced by the load was read as 
a function of time for 24 llours at 29OC @SO 1969; Adu 1991). 

The experiments were repeated as (20 and 30) K N I ~ - ~  using 
constant temperature at 29 OC. The experi~neuts were also 
repeated at 50 and 67 "C . The temperature n.as kept constant 
\vithin h 2 OC. 

Data analy.sis. From the data on elongation and time. the 
strain was evaluated and plotted against time. The creep 
behaviour was obtained from the secondary stage strain rate. 
The logarithm of creep rate was plotted against inverse abso- 
lute temperature and the activation energy of creep evalua- 
ted (equation 1). The logarithm of creep rate ~vas plotted 
against logarithm of stress and the constants P and e1,aluated 
(equation 2) 

AEa 
Log E' = log A --7. ................................... 

RT 
(1) 

................................... Log E' = log 0 + nlog o .(2) 

where E' = creep rate, o = stress, AEa = activation energy of 
creep. A, p and n are constants (Parker 1957; Edward 1958; 
Richard 1961: Ashbv and Jones 1980; Schackelford 1990). 

Results & Discussion 

The plots of strainversus time for clay, limestone. silica sand 
and charcoal loaded ~ulcanizates are similar (Fig 1). The creep 
rate. creep modulus. creep compliance and the tensile creep 
evaluated from these plots : (British Standard Organisation 
1958; Bueche 1961) are (Shackleford 1990) presented in 
Table 4 for clay and limestone. A t-cpical plot of these param- 
eters against filler loading is shown in Fig 2. It is observed 

Table 2 
Formulation composite as a func t i o~~  of filler loading 

and particle size 

Composite Filler loading Filler particle 
( P P ~ )  size (pm) 

(standard) N 
NC 1 
NC2 
NC3 
NC4 
NC5 
NC6 
NC7 
NC8 
NC9 
NClO 
NCC 1 
NCC2 
NCC3 
NCC4 
NCCS 
NLI 
NL2 
NL3 
NL4 
NL5 
NL6 
NL7 
NLS 
NL9 
NLlO 
NCL 1 
NCL2 
NCL3 
NCL4 
NCL5 
NCHl 
NCH2 
NCH3 
NCH4 
NCH5 
NS I 
NS2 
NS3 
NS4 
NS5 

N Gum compound without filler (Standard) 
NC Clay loaded cotnposite 
NCC - Calcined clay loaded cotnposite 
NL Lirnestor~e loaded conlposite 
NCL - Calcined limestone loaded composite 
NCH - Charcoal loaded composite 
NS Silica sand loaded cotnposite 
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Table 3 
Chemical composition of the materials used in the work 

~~ 

~ ~ ~~ 

'i0, SO, A1,O K,O -- Na,O ~- 
CaO MgO Fe,O, C 0 2  Left over 

- .  
~ 

Clay 48.83 23.81 10.09 5.91 0.59 1.34 1.02 4.91 Nd 3.50 
Limestone 4.26 1.49 1.16 6.21 0.70 52.92 10.36 1.02 Nd 18.88 
Silica sand 78.13 2.80 1.06 0.24 0.18 0.34 0.02 2.09 Nd 15.11 
Charcoal 22.44 2.40 0.17 0.3 1 0.29 0.22 0.09 0.07 51.72 22.29 

... .- .... 

nd, not determined 

Table 4 
Creep properties of uncalcined fillers as  a function of loading and temperature 

- .- -~ ~ - ~ -~ 

302K (3.31 s 103K-I) - 323K (3.10 s 103K-') 340K (2.9 s I 03)EC' ---- -- 
Filler Filler Creep Creep Creep Tensile Creep Creep Creep Tensile Crcep Creep Creep Tensile 

Content Rate Modulus Corn- Creep Rate Modulus C a n -  Creep Rate Modulus Corn- Creep 

( P P ~ )  pliance pliance pliance -- -- 

Nil ZERO ,022 ,142 -.I42 1.875 ,028 ,162 -.I62 -.I62 1.600 ,036 .246 1.857 

Clay 12 ,019 ,104 -.lo4 1.209 ,023 ,108 -.lo8 1.259 ,027 1 12 -. 1 12 1.215 

Lime 12 ,018 ,048 -.048 1.185 ,028 ,156 -.I56 1.267 .039 ,162 -. 162 1.1 17 
stone 

28 ,020 ,054 -.054 1.135 ,026 ,102 -1.02 1.214 ,039 ,258 -.258 1.209 

that creep rate of the loaded ~ulcanizates follo\~:s the increas- 
ing trend: clay limestone <charcoal < silica sand. This trend 
indicates that the rate of deformation follova the reverse trend. 
Clay and limestone loaded vulcanizates show better resistance 
to deformation than charcoal and silica sand. Creep rate in- 
creases with increasing filler loading. The effects of filler 
particle size on creep rate sho~vs an initial increase before a 
progressive decrease wit11 increasing particle size (Fig 3). The 
calcined clay loaded composites show higher creep rate than 
the composites loaded wit11 uncalcined clay. The same trend 
is observed for calcined and uncalcined limestone loaded 
composites. 

Charcoal shows esceptionally enhanced creep modulus fol- 
lowed in a decreasing order by silica sand, clay and lime- 
stone. Creep modulus increases with increasing filler load- 
ing. Similar behaviour has been obsewed for particulate fill- 
ers . Creep modulus shows an initial increase before a pro- 
gressive decrease with increasing filler particle size (Fig 3). 
The calcined fillers shoxv superior creep modulus compared 
to the corresponding uncalcined fillers. 

The creep compliance follo~vs the reverse trend of modulus. 
This is not surprising as creep compliance is the reciprocal 
of creep modulus. Creep conlpliance follows the decreas- 
ing trend limestone > clay > silica sand > charcoal. This 
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Table 5 
Activation parameters of creep deformation of the 

composites examined as a function of filler loading at 
300pm particle size 

- ~ ~ 

Filler Filler Amhenills Activation Average 
loading constant energy activation 

( P P ~ )  (-=a) energy J mol-' 
J moil 

Nil Nil 1.61 2.75 2.75 
Cia!; 12 1.43 2.47 

28 
36 
48 

72 
Limestone 12 

2 8 
36 

4 8 

72 
Charcoal 12 1.83 4.16 

2 8 1.82 5.58 
36 R R 

< 4 8 R R 
72 R R 

Silica sand 12 1.62 2.08 

property decreases with increasing filler loading but decreases 
to a minimum and thereafter increase with increasing filler 
particle size. 

Table 4 presents the tensile creep of the co~npositcs as a func- 
tion of filler loading. It is observed that tensile creep is compa- 
rable for all fillers. This property generally increases with 
increasing filler loading but increases reaches a maximum 
and thereafter decreases with increasing filler particle size. 
The calcined fillers show comparable tensile creep to the cor- 
responding uncalcined fillers. 

The creep rate is obsen~ed to increase with increasing tem- 
2.76 

perature. This trend has been observed for some other mate- 
rials (Haydeen e f  a/ 1963). The plots of logarithm of creep 
rate versus inverse absolute temperature show straight line 
(Fig 4) similar to those reported by Shackelford (1 990) and 
Richards (196 1). The slopes and intercepts of the plots were 
evaluated using least square method. Table 5 presents the 
values of the parameters evaluated. It is observed that the 
activation energy required to resist deformation by clay com- 
posite is lower than the activation energy required to resist 
deformation by the composites loaded with limestone, silica 
sand and charcoal. This observation is an advantage for clay 
whose creep rate has been obsen~ed to be lower than that of 
silica sand and charcoal. 

2 8 1.58 2.50 
The variation of creep rate as a hnction of stress level is pre- 

36 1.66 2.75 3.23 
48 1.98 5.58 

sented in Table 6. It is observed that the charcoal and silica 

72 R R sand loaded wlcanizates at relatively high loading ruptured 

Strain 
7.0 

6.0 

5 5 

4 .O 

3.5  

3 . 0  

2 5 

Fig 1. Plots of strain versus time for the clav-filled vulcanizates. 
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Table 6 
Creep properties as  a hnction of stress level for uncalcined fillers 

AtlOK Nm2 At 20K Nm2 - -. . -- - - - - - -- ppp 

A 30K Nm2 
-- -- 

Filler Filler Creep Creep Creep Tensile Creep Creep Creep Tensile Creep Creep Creep Tensile 
Content rate h-' modu- com- creep rate h-I modu corn- creep rate 1;' rnodu com- creep 

( ~ ~ 1 1 )  lus pliance lus pl~ance lus pliance 
- -- - - - - --- ppp--- 

Unfilled Zero .021 ,146 -.I46 1.857 ,044 .I62 -.I62 1.227 ,063 8 -.I68 1.216 
Clay 28 ,028 .I56 -.I56 1.225 ,055 ,311 -.311 1.135 ,078 .527 -.527 1.135 
Limestone 28 ,036 ,258 -.258 1.269 ,063 ,461 -.461 1.171 ,110 ,778 -.778 1.080 
Charcoal 28 ,028 ,102 -.I02 1.250 ,065 ,157 -.I57 1.222 ,061 ,725 -.725 1.224 
Silicasand28 ,029 ,258 -.258 1.229 ,058 ,421 -.421 1.212 R 1 -.161 R 

OL- and stress level. 
-- - - - -- - - - 

Filler Loading (pph) I3 n 

Charcoal 2 8 1.58 0.12 
02-. 

/ a  Limestone 28 1.54 0.41 

05- 

Silica sand 28 1.46 0.55 

X Cby 
0 Limestone 
A Charcoa l  
n S ! l i c o  s a d  

Table 7 
U n f i l i e d  

/ 
P-----"-- Constants of the linear equation correlating creep rate 

c- T o  io 30 4 0  K) 60 Clay 2 8 1.14 0.50 
~?Rer load$% pph Nil (standard) 1.30 

- -- - - 

0.60 
Fig 2. Plot of creep rate versus filler loading at 302K. 

/ ' >\ 

- - - ------------ 2---- - / -"--9 --- - -- - -- - - - - - 0 - - - 2-- 
760 260 3b0 400 5'00 600 760 sbo 9'00 + 

Particle size (nm) 

Fig 3. Plots of creep rate and modulus Yersus tiller particle size for clay and li~nestone 
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.t 4 

3.0 3 .I 3.2 3.3 3.4 1 IT  {K-' ) 

Fig 4. Plots of logarithm creep rate versus inverse absolute te~nperature of clay iilled vulcanizates. 

bcfore the expiry of the experimentation period. Creep rate 
increases with the increasing stress level. The creep rate (E' ) 
and the stress level (o ) are correlated with the equation: 

Log (E' ) = log P + n log owchards 1961). 

The plot of logarithm creep rate versus logarithm stress 
level sho\r. linearity and the values of p and n evaluated 
using least square method are contained in Table 7. The 
l~near shape of the plots is similar to that reported by 
Randall (1957). Values of n follow the decreasing trend: 
sillca sand, clay, limestone and charcoal while the con- 
stant f l  fol lo~~~s the reverse trend. The significance of these 
constants is not immediately clear but they appear to be 
deformation parameters such that the higher the magni- 
tude of n and the lower the magnitude of p, the less the 
activation energy required to resist deformation. 

Conclusion 

The results of this work have shown conclusively that: 
Creep rate increases with increasing filler loading, tempera- 
ture and stress level. 

Within the time range used in this work, charcoal and silica 
sand loaded iulcanizates at relatively high filler loading nlp- 
tured before the expiy of 19 hours under constant load. They 

are therefore inferior to limestone and clay loaded wlcanizates 
in deformation resistance. 

The creep rate and the activation energy required to resist 
deformation are lower for the clay loaded wlcanizate than 
for linlestone, silica sand and charcoal loaded vulcanizates. 
Clay therefore s11o11-s a clear advantage oI.er litnestone, silica 
sand and charcoal in creep deformation resistance. 
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